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L ead compound optimization strategy (6) —
improving the plasma stability
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Abstract: Plasma stability plays an important role in the druggability of lead compound. Improving the
plasma stability of compounds by structural modification can lead to good pharmacokinetic and pharmacody-
namics properties. This review provides a summary of varieties of structure modification strategies for
improving plasma stability including bioisosterism, increasing steric hindrance, ring closure, scaffold hopping

and etc.
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Tablel The plasma stability of compounds in different species
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Figurel Examplesof anti-inflammatory soft drugs
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Table2 Plasma stabilities of P2X7 receptor antagonists
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1 2 ICs0/ -
Compd. X R R nmol L1 Plasma stability
6 Br MeO Me 9 -
7 Br F Me 32 -
8 Br Cl Me 37 -
9 Me Cl (CH,),OH 9 50% Degradation in
human plasmaat 4 h
10 - - - 23 Stable in both human

and rat plasma

i S 1 B T BT IR R (1Cso=23 nmol -L 7).
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NBFELE e (1b&Y) 13 A1 14), REE YR MLk i
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Figure2 Plasma stabilities of PKB inhibitors
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Figure 3 Improving the plasma stability of local anesthetics by
structural modification
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Figure 4 Improving the plasma stability of CRTH2 receptor
antagonists by structural modification
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Figure5 Plasmastability of cephalosporin antibiotics

Table 3 Improving the plasma stability of HCMV inhibitors by
structural modification
Me._ _Me

Human HCMV protease  Cytotoxicity
Compd. R plasma ICso K CClIDsg

tydh  jumol-L ™t /nmol-L ™t /umol-L™

22 YA 0.5 0.2 24 274

o]

23 @—Noz >24 8.7 69
N

24 /&3 >24 15 446 280

25 /E’Q >24 0.18 10 >500
s

313 ML HKMEAWEFHNL L BEIHM
(acetylcholine, 26) &1k N —Fh EE R ph &30, 1E
L P9 B T R RIS B R IR (B 6)0 o 7 R
W RaE UIE B 2, AATTCL 2 BB GRCR 26 S AL &4,
K i 56 AT 07 1 FE 3 5 e oA R, RS I L R N
RERE A PR ARIRIE M sk, A Ah, TERRIEARAI 5T
FR 350 ] DL e ok 38 0 2 1) A7 FEL RGOS, 4 v S D0 I B
(bethanechol chloride, 27) ) ifiL 3 5 11291,

The lone pair electrons of amino ~ Steric hindrance contributes
group reduce the electrophilicity ~ to the stability of ester group
of the carbonyl group ,.//

: N\ o

|~ J\/ s
:>
Acetylcholine 26 Bethanechol chloride 27

Figure 6 Plasma stability of cholinergic drugs
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HEA RGBS 29 R 30 (1ML A4 7 ME
B2, HA Ay 30 450 A b T 2 5 40 7 s e B
FY W L - 280 T 5, e L T i 25 g R A ) R TR
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Table 4 Improving the plasma stability of transglutaminase 2
inhibitors by structural modification
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I 29

30 31
Compd. TG2 ICs/umol L% Mouse plasma ty,/min
28 0.18 335
29 0.097 315
30 0.026 14.3
31 0.11 209
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Table5 Improving the plasma stability of HCMV inhibitors by
structural modification
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Human HCMYV protease Cytotoxicity
Compd. R plasma 1Cso K CCIDsg

ty2/h jumol-L* /nmol-L™t  /umol-L™

2 \(A 05 0.2 24 274

o]

Me
YAIME
32 15 1.8 375
(o]
Me
Me
33 6 0.3 16 219
(o]

Me,_ Me

34 \(ﬁrme 16 >20 38
5 Me

MR R EE BN EE R R,

W Ry, HLUEAR C (Cathepsin C) 7EM ML
S A9 RE A G LA BRI 3, b s 35
RHEZRLRAFR R —FHRE AR C k]
B & 35 7 K R 3K R e kR 4
(& 6), XFHBIRFATATAMS BN AE D) 36 f137, &
XA E ARG C RGNS A 25w, (a2 H
W IR RIS . TFFCN AN T RE 2 45 4
HH IR SR 0 43 L 2R R A A A, R A AT 5
BB WO I B U T AR R A 38 1 39,
RENEMEME IR E, HE2MED5 AL E
HEE C e PR K o ST F X v 1 )
FERGME, AFFF0N 5125 R8I i A I S 2 1 55 r A (] B
$8 0 AR A P 2 [F] A3 B R A v U « FEIERE 2R C-5 A7 5
AN HIEAF B4 &4 40, FAE ML AR e P B 4R
i, [FIRAL G VB Al C 4 i P gk —
B

EY 41 2 —MEOEIREEZ4E 1 (PAR)
M (% 7), BAPURLMGE IR fh &9 41
FLAT BT () PARL S M A0 R 47 i B Ak 1 i, (H 2
HAEKXRME Pt ttsz. |mk, RARRH
A T SR, K R R — AR R
R, B EY 42, (BH MR AR I A 15 3
Pewm. AT, B — AW A R bR e AR, R
EW 43, WEY) 43 EARFREVERIRIT, FAe NFITR
B ML 2% P 2 REAS E A7 AE (W 5 h )5 20 3 99% M
97% ISR FIAL A P e 4% ) o 38 AT 7E ok e B AR AL 51 N AL

Table6 Improving the plasma stability of cannabinoid receptor agonists

Rat plasma
Compd. Structure Cat C plICsp Cat B plCsp Cat K plCso Cat SplCeo (% left @ 30 min)
1
35 Ne_ =g 6.5 5.0 6.7 5.8 30
=7 6%
1 L
36 NE__NCJ'” S Br 8.1 5.2 8.1 65 18
[o e}
|
0
1 L
37 N s o 8.0 49 71 57 23
g '
38 H>\_N\,/j 5o T e <46 <46 53 <46 9%
H
0 L
}_N/H“TJN:_S\. Br
39 9\0 ] o™ <46 <46 <46 <46 >100
Br
H
N.
._ <46 7.4 6.0 88
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Table7 Plasmastability of aseries of PAR1 inhibitors

Inhib./% Plasma stability
Compd. Structure 1Cso (% left @5 h)
/umol-L™*  human/mouse
(o] o  Br
41 /\)J\ N /@ N*@ >99 80/2
H H 0.26

o] Br
42 /\)J\ﬁ’@u’\é 60 73/1

>
o~ 7
43 N E)K@ i 99/9
0 Q o  Br
44 /%J\N NJ\© 21 >09/>99
H H
90/65

0.29

o /@ o  Br
>99
45 /L)Lﬁ )i\@

PREFF 24 &1 44 R 45, RAENED) 44 1ENH
RIS R AR E (HE 5 h a6 99% i R 4L
YRR, HRITEERKER (FE 5 pmol L ik
FEIS $ AN 21%); ML &1 45 A0 PARL 4
0 VA B DR A, R IR AR KR R B AR T
BETURSE (RT).
33 MINMEIR

FICHE A1 11 2 24 0 85 ) TS0 v S T,
T R A Al B 4 45 g v R e Ak S B AN B AT 0 el R,
fEHRE LUK E M RS BE AR, TR Rk S
APE R E . 2 IR IR AR E PR
PRI, 308 v ik 6 24 ) £ I SR v 1) A R A 25 P E
AR AT BALHIIRT . 0 R AL & AT R &
Wi, BREIED TR, EARIEENE R R,
I 5 4k Py 7K A B (0 S AN, AT B2 o R 2R 25 P 1
RS o T LI P B B R A I fie, BF 7 2 7 2
IS BRI AL B TR IR TR (1 8 DL IR KNGS

Table8 A seriesof GLP-1 receptor agonists.

o]

FMog s~

%[38]0

Jil 5 L BE R -1 (GLP-1) #fik4a %5, HAE
MNARH B EE /N T 2 ming (L&Y 47 2% 8
LR IR B 4o H &R I GLP-1 2K (% 8), HE
W TR ST (1C=2.8 nmol-L ™) FlThfg
WETE (ECso=0.014 nmol-L Y. 2k — 45 i 4t
R RSB &Y 49~51, XKt MR
T ARG 2 BRNE 1, R A A NI (A
Vet g2 Bk (& 7R, Rk, FH RIS
& R BB B A R E T 1 4 A 0 SR

Comd. 46 + Comd. 48 & Comd. 50
Comd. 47 ® Comd, 49 & Comd. 51
In human plasma at 37 'C

% Remaining of intact peptide

0 1 2 | 4
Incubation time / h

Figure 7 The stability of GLP-1 receptor agonists in human
plasma

St 0 M5 R ik 1] 2 24 46 kg b o DL B3 1 R B
IR it (SAHA) Skl 5 %55 . 2R,
S G R A HE ISR b 5 WK A, 2 1 H 258
TPV R I K% . a9 52 52— R
SR B 4 2R 1 B A 7515, R O R I 5 e
FWIRA 0.8h (& 9). il il 78 5 £ 5 B Hk [ QB A 51 A
XU 2% 58 FL AN [R] K 0k A 5 0 I SR A E 1D R
KIMEY) (2)-B3 LR E I T &Y (E)-54,
AT e T Z A R R R R R IS IR AL ], S

"CRE: cAMP response element; Luc: Luciferase

Compd. Peptide Binding affinity 1Csy + SD/nmol -L ™t CRE/Luc*activation ECs + SD/nmol-L™*
46 GLP-1(7-37)-NH, 1.7+06 0.006 + 0.003
47 [GlY®]GLP-1(7-37)-NH, 28+22 0.014 + 0.006
48 [Gly® Aib%?|GLP-1(7-37)-NH, 29+11 0.027 + 0.018
49 c[GIu®-Lys?|[Gly®|GLP-1(7-37)-NH, 36+28 0.006 + 0.000 3
50 c[GIu*-Lys™®|[Gly®*|GLP-1(7-37)-NH, 21+17 0.010 + 0.004
51 c[GIu®-Lys”|[Gly®*|GLP-1(7-37)-NH, 19+1.1 0.008 + 0.007
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Table 9 Rat plasma stabilities of analogues of malonylhy-

droxamic acid
F
\Q\JH R
hig
0

52-55

Compd. Rat plasma ty/h

R
52 %WH 08
N.
OH
o]
=
=

(2)-53 B 220
“OH
0
(E)-54 ] 41
“OH
0
55 f >48.0
\(\|(N OH
0

Iy AL AR R, A5 K AR AN 2 el AL . 2t
— B EERB S B &Y 55, IR I3 B R E
BB R (ty2>48 h)o R Uk R4 Hix ik &
W 24 B TR RO, R X S MU SRR R D A e T
EW KR, ASH R RERES B
BV A SOE SR AL TR R .
34 BRKI

RR AL & 31395 TG2 ) 1Cs 4 0.11 pmol L 7,
1 AR ML A (ty) 8 35h, IARAEK.
NT SR s A 31 KRR E T, B
A SERRIT I S m, 19 31— R A58 3 A ]
WA (% 10, &1 56~61). XA G YI%T TG2
40 1) PR 30 49 B DR HE, A I AT AR N R B If 2R
(k52 KT 6 h*%, S AT BE R v i 7 2R Ik e
B S S 58 T 05 A B IR B, AT B e T AR I
o kR T

i SR Al (tankyrases) J& T8 ADP-#ZFER &
fit; (poly ADP-ribose polymerase, PARP) Z& 4 5% 12 Fit
T, BRI IEHE p-catenin PR, MITTIET wnt (55
I, i tankyrases Xt TifJ7 APC (adenoma-
touspolyposis coli) FAZ 45 B 1 & L8 it 78 7
. &Y 62 & tankyrase-1 #1171 (tankyrase-1,
TNKSL, 1Csp=10 nmol-L ™), {HILAE AR M i
HH (typ) SN 3B min. Kk, N T RELEYER
B AR e v, RN X&) 62 AT T —
FAN I G5 K o3 o 77 T Fie S A1 7 1 N FF S 488 Jon o7 BEL &

Table 10 Improving the plasma stabilities of compounds by
scaffold hopping

Q.0
SR
%N\) NJ’I\/
o] H Q.0
31 s?
e N 0
R/‘“\/H\(OI O\NJ\%
o H

56-61

Compd. R TG2 ICs/umol L% tyo/h
31 - 0.11 35
56 CeHs 0.18 >6
57 4-CH30-CgH, 0.11 >6
58 7-quinolinyl 0.31 >6
59 2-CH30-CgH4 0.23 >6
60 3-Cl-CgH4 0.17 >6
61 3,4-(CH3),-CgH3 0.18 >6

B, AbE4) 63 B3/ (ty=43 min) 5 62 4
2, SR H X TNKSL il iE A B35 T (1Cs=
210 nmol -L ™)« 75 Bk i 8 ) A8 17 51\ 313 B A4
64, HARILAE KRR i AR e 19 20 B B o, 3
FE HAMHEE R (1C5=1.75 pmol-L ™). BHJEHF 5T
N 53R FH B 22 BRI 1) SR A5 2138 Ol 305 2R ik &
¥y 65 F1 66, H ik A9 65 X TNKSL [ i A
AR BRRE, AR OR BRI 2 P R AR e T K R R &
(ty2>1000 min) (3£ 11).

Table11 Improving the plasma stability of tankyrases-1 (TNKSL1)
inhibitors

o)
N”l\/\r( R
o]
TNKSL )
Compd. R ICq 0/pm0I~L’1 tyo/min
y O'ME
62 N 0.01 35
0
Y O‘ME
63 N 0.21 43
o]
" O‘ME
64 Nﬁ 175 270
Qve
/ ’ O'ME
65 N 0.03 >1 000
o]
y D,Me
66 N@ 7.46 >1 000
(o]




+ 200 - #j 2% 2#4)  Acta Pharmaceutica Sinica 2018, 53 (2): 192 -201

t&W 67 =& — KK Z k-1 (cannabinoid
receptor-1, CB-1) #zh71*, T i%g5 b e 5
KRR, FAERR M R (ty) 8 0.7 min.
TR AL A 5 N IR 0 =S [ A B, A
Y1 68 X K BRI KRR 2 52 A4 [ F 4 v 50 5 A I,
[ B IR B (ty) WIGI T 13 fi%. MEI AR T
e 22, 4G 69 75K R Hh (1 2 32 T — 20 42
B (t2=36.3 min), &7+ T AWM e (&
12).

Table 12 Improving the plasma stability of cannabinoid
receptor-1 (CB1) agonists

R
Compd. R (K;igl_gﬂll) tyo/min
67 Aj\om 27.1+45 0.7
o]
68 %o/\/\ 05+0.1 95
0
69 %l\om 0.7+0.2 36.3
4 #ig
TG PR A W ) R e T A S ) L 24 M ) % B A
Ko AA P 2 R e 1 5 AR AR E A B R A —

B, BR-AGHEBHPNIZKA R Hik, £
B eamitkidiEs, 70T RIS
i SR 5 VERIE FE, SR B AE B A B E S A X
FLHEAT b E A S5 R AE M, B Ph AR E R A S
FAEWIT R PR . B YT
SEflES N (A A BH L OB DL K ZRERIT X e 2
MGG IR A s M, BeR a2, &
LS PR R G PR 5T, LU RE 8 O 1 8 25 K 0T K
A .
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